REMARKS 

Claims 1-13 are pending in the application. Claims 10, 12, and 13 were withdrawn from 
consideration. Claims 1-9 and 1 1 were rejected under 35 U.S.C. § 103(a), and were 
provisionally rejected for obviousness-type double patenting. The rejections are addressed as 
follows. 

Rejection under 35 U.S.C. § 103fa) 

Claims 1-9 and 1 1 were rejected for obviousness over Laus et al. (J. Cont. Rel. 72:225- 
309, 2001), in view of Betti et al. (Vaccine 19:3408-3419, 2001), Caputo et al. (Vaccine 
21:1 103-1 1 1 1, 2003), Caselli et al. (J. Immunol. 162:5631-5638, 1999), and O'Hagan et al. (WO 
98/033487). Applicants request that this rejection be reconsidered and withdrawn for the 
following reasons. 

Claim 1 has been amended herein to specify microparticles having HIV-1 Tat protein or 
an immunogenic fragment thereof adsorbed at the external surface. Such microparticles would 
not have been obvious for the reasons explained in the reply filed on January 23, 2009, which is 
incorporated herein by reference. These arguments are not repeated here. However, Applicants 
would like to remind the Examiner that Tat protein is very delicate and labile. It easily 
undergoes degradation when exposed to oxygen, light, and room temperature. The present 
inventors have shown that Tat protein unexpectedly becomes stable once adsorbed onto 
microparticles, as defined in claim 1, and retains its biological activity even once it has been 
exposed to oxygen, light, and room temperature. This, of course, facilitates the handling of the 
Tat protein and allows it to be used, for example, as a vaccine. 
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Prima facie case 

In the passage spanning pages 3 and 4 of the Office Action, the Examiner states that it 
would have been obvious to adsorb Tat protein onto microparticles as defined in claim 1 
because: 

1 . microparticles as defined in claim 1 were disclosed before the priority date in a 
publication by the inventors (Laus et al., Journal of Controlled Release 72: 225-309, 
2001); and 

2. it was known before the priority date that microparticles (in general) are capable of 
stabilizing Tat protein. 

In support of point 2, the Examiner cites Betti et al, Caputo et al., Caselli et al, and 
O'Hagan, i.e., WO 98/033487 (first paragraph on page 4 of the Office Action). However, 
Applicants respectfully submit that a person skilled in the art reading those four documents 
would not conclude that microparticles are capable of stabilizing Tat protein . 

Betti et al. (Vaccine 19:3408-3419, 2001) does not teach or suggest that microparticles as 
defined in claim 1 are capable of stabilizing Tat protein . Indeed, Betti et al. does not mention 
microparticles at all. It describes (1) the characterization in vitro of Tat proteins mutated in the 
cysteines region, and (2) that the mutated Tat proteins are capable of evoking an immune 
response to wild-type Tat protein when administered to HL3T1 cells (see the sections entitled 
"2.4. Immunofluorescence" and "2.5. CAT assay" on page 3410). 

Similarly, Caputo et al. (Vaccine 21 : 1 103-1 1 1 1, 2003) teaches nothing about the 
stabilization of Tat protein using microparticles. It describes the adsorption of tat DNA onto 
copolymer microparticles. In particular, it teaches that immunizing mice with microparticles 
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having tat DNA adsorbed thereon results in a greatly increased CTL response against Tat protein 
(Abstract and the section entitled "3.3. Analysis of anti-Tat CTL responses" on pages 1 106 and 
1 107). Tat protein is only used by Caputo et al. to measure in vitro the serological response, Tat- 
specific T cell response, and Tat-specific CTL response of the mice following immunization with 
the DNA microparticles (see 2.4, 2.5, and 2.6 on page 1 105). At no point is Tat protein adsorbed 
onto microparticles. 

In addition, Caselli et al. (Journal of Immunology 162:5631-5638, 1999) neither teaches 
nor suggests that microparticles can be used to stabilize Tat protein . Indeed, it does not mention 
microparticles at all. It merely describes a DNA vaccination protocol in mice using tat DNA. In 
particular, it teaches that immunization with mutated tat DNA is capable of inducing humoral 
and cellular immune responses against wild-type Tat protein (abstract and section entitled "Tat 
protein immunization" on page 5632). The Tat protein is not adsorbed onto microparticles 
before it is administered to the mice ("Tat protein immunization" on page 5632). 

Overall, none of these three documents alone, or in combination, disclose or suggest the 
adsorption of Tat protein onto microparticles; Betti et al. and Caselli et al. do not mention 
microparticles at all and Caputo et al. only discloses the adsorption of tat DNA onto 
microparticles. 

In addition, although O'Hagan mentions HIV envelope proteins at page 14, line 32 to 
page 15, line 13, it does not explicitly disclose Tat protein and only provides evidence that 
microparticles stabilize a different protein, gag (Examples 9 and 10). 

It is therefore clear that there is no teaching or suggestion in any of the cited documents 
that would have led a person skilled in the art to conclude at the priority date of this application 
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that microparticles in general, let alone the specific microparticles defined in claim 1, stabilize 
Tat protein . Indeed, at the priority date only tat DNA had been adsorbed onto microparticles (in 
Caputo et al.). Hence, it would not have been obvious at the priority date to provide use the 
microparticles defined in claim 1 to stabilize Tat protein . 

Secondary evidence 

In addition to there not being a prima facie case of obviousness in this case, as discussed 
above, Applicants submit that there is compelling secondary evidence of non-obviousness. In 
particular, we refer the Examiner to the evidence of the unexpected effect of the microparticles 
on the stability of Tat protein as presented on pages 8 and 9 of the reply filed on January 23, 
2009. We would also like to draw the Examiner's attention to a recent publication by the 
inventors (Caputo et al., Vaccine 27:3605-3615, 2009; a copy is submitted herewith). The 
stabilizing effect of microparticles as defined in claim 1 on Tat protein is discussed in the first 
full paragraph in the right-hand column on page 3613. However, the results in this document 
also demonstrate that Tat protein remains safe and retains its immunological potential in vivo 
when adsorbed onto microparticles as defined in claim 1. 

In response to the Applicants' prior presentation of evidence that Tat-bound 
microparticles possess unexpected properties, the Examiner stated that the unexpected properties 
"are an inherent feature of the art-recognized copolymer particles" and did not consider 
Applicants' evidence of unexpected properties. In response, Applicants note that the case law 
that the Examiner cited discusses inherent properties only in the context of rejections for lack of 
novelty, and not in the context of obviousness. Nowhere do these cases state that unrecognized 
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properties should be considered in evaluating secondary evidence of non-obviousness, such as 
unexpected results. For example, the Examiner cites the MPEP as providing that "the discovery 
of a previously unappreciated properly of a prior art composition, or of a scientific explanation 
for the prior art's functioning, does not render the old composition patentably new to the 
discoverer" (citations omitted). This is not applicable to the subject matter currently under 
examination, Tat-bound microparticles, as they are not a "prior art composition" or an "old 
composition." Such microparticles are not described in the cited references or in any other prior 
art of which Applicants are aware. 

Regarding consideration of evidence of unexpected results, § 2141 (II) of the M.P.E.P. 
states "[o]bjective evidence relevant to the issue of obviousness must be evaluated by Office 
personnel. Graham v. John Deere Co., 383 U.S. 1. Such evidence, sometimes referred to as 
'secondary considerations,' may include evidence of commercial success, long-felt but unsolved 
needs, failure of others, and unexpected results ." (Emphasis added). Further, § 2141.02 (V) of 
the M.P.E.P. states "[ojbviousness cannot be predicated on what is not known at the time an 
invention is made, even if the inherency of a certain feature is later established. In re Rijckaert, 9 
F.2d 1531." If inherent properties were considered when evaluating secondary evidence of non- 
obviousness, no results would ever be considered unexpected. For example, a rejection for 
obviousness relying on the undisclosed but inherent heat transfer properties of foam was reversed 
by the U.S. Court of Customs and Patent Appeals in Application of Harold W Adams, 356 F.2d 
998 (C.C.P.A. 1966). The court stated: 

[fjinally, the solicitor adds the argument that the superiority of appellant's 
heat transfer is inherent in the use of foam. Again we observe that, of course, it is. 
But the art does not suggest the use of foam in heat transfer of any kind and there is 
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not the slightest suggestion that anyone knew of the existence of this inherent 
superiority until Adams disclosed it. After all, Bell's telephone was "inherently" 
capable of transmitting speech, DeForest's triode was "inherently" capable of 
amplification, and, to come down to date, so was the tiny transistor which is rapidly 
supplanting it. Two of our decisions are cited as supporting the erroneous notion that 
"subject matter cannot be patented on the basis of an inherent property." We think 
the proposition thus broadly stated and as applied here is so transparently erroneous 
as not to require discussion. Application of Harold W Adams, 356 F2d 998. 
(Emphasis original). 

In view of the above, and the fact that the property of microparticles as stabilizing Tat 
protein was undisclosed prior to the filing date of the present application, this property should not 
be considered in the formulation of a prima facie case for obviousness. Rather, Applicants' 
submission with respect to the unexpected results they obtained by use of microparticles and Tat 
should be considered as compelling secondary evidence of non-obviousness. Thus, Applicants 
respectfully request reconsideration and withdrawal of this rejection, in view of the unexpected 
results obtained by the present inventors, which concern the unexpected stability obtained by 
adsorbing Tat protein onto microparticles. 

Provisional Rejection for Obviousness-Type Double Patenting 

Claims 1-9 and 1 1 are provisionally rejected on the ground of non-statutory obviousness- 
type double patenting over co-pending application no. 10/577,973. Applicants submit that the 
claims of the two applications are patentably distinct, because they relate to different inventive 
concepts. 

As is clear from the discussion set forth above, the present claims concern microparticles 
having Tat protein adsorbed at the external surface. This subject matter is novel and non-obvious 
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over the prior art, because none of the cited documents teach or suggest that Tat remains stable 
when adsorbed onto microparticles as defined in claim 1 . 

In contrast, the co-pending application concerns nanoparticles that are produced using a 
emulsion-based method. None of the documents cited against this application or the co-pending 
application disclose the nanoparticles or methods of making them. 

In short, this application relates to adsorbing Tat onto microparticles, whereas the co- 
pending application concerns a method of making nanoparticles. 
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CONCLUSION 



Applicants submit that the claims are in condition for allowance, and such action is 
respectfully requested. Submitted herewith is a petition to extend the period for reply for one 
month, to and including August 17, 2009. If there are any charges or any credits, please apply 
them to Deposit Account No. 03-2095. 



Clark & Elbing LLP 
101 Federal Street 
Boston, MA 021 10 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 



Respectfully submitted, 





Susan M. Michaud, Ph.D. 
Reg. No. 42,885 
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ABSTRACT 



Anionic surfactant-free polymeric core-shell nanospheres and microspheres were previously described 
with an inner core constituted by poly(methylmethacrylate) (PMMA) and a highly hydrophilic outer shell 
composed of a hydrosoluble co-polymer (Eudragit L100-55). The outer shell is tightly linked to the core 
and bears carboxylic groups capable of adsorbing high amounts (antigen loading ability of up to 20%, 
w/w) of native basic proteins, mainly by electrostatic interactions, while preserving their activity. In the 
present study we have evaluated in mice the safety and immunogenicity of new vaccine formulations 
composed of these nano- and microspheres and the HIV-l Tat protein. Vaccines were administered by 
different routes, including intramuscular, subcutaneous or intranasal and the results were compared 
to immunization with Tat alone or with Tat delivered with the alum adjuvant. The data demonstrate 
that the nano- and microspheres/Tat formulations are safe and induce robust and long-lasting cellular 
and humoral responses in mice after systemic and/or mucosa! immunization. These delivery systems 
may have great potential for novel Tat protein-based vaccines against H1V-1 and hold promise for other 
protein-based vaccines. 

© 2009 Elsevier Ltd. All rights reserved. 



t. Introduction 

Several new approaches to vaccine development were proposed 
in recent years, including protein subunits, peptides and plasmid 
DNA. These vaccines, although generally safer than the traditional 
ones (e.g. viral or bacterial vectors), are poorly immunogenic when 
administered alone. Currently, aluminium salts (generally referred 
to as alum) and MF59 (a squalene o/w emulsion) are the only 
vaccine adjuvants approved for human use (1-5]. Consequently, 
a great need exists for new, safe and potent immunostimula- 
tory adjuvants that may be compatible with the development 
of new-generation vaccines. Several new adjuvants have been 
tested in clinical trials. However, most of them were proved to 
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be too toxic for routine clinical application. In addition to a good 
safety record, other important issues in adjuvant development 
include biocompatibility, stability, low cost, ease of production 
and administration (i.e. mucosal vaccines), lack of immunogenic- 
ity and applicability to different vaccine antigens. In this scenario, 
the use of polymeric particulate adjuvants is an expanding research 
field. It is well-established that antigen encapsulation in biodegrad- 
able polymeric matrices protects the antigen from unfavourable 
conditions encountered after systemic or mucosal administration, 
and increases its uptake by antigen-presenting cells facilitating 
the induction of potent immune responses [6-11 j. Neverthe- 
less, encapsulation-based approaches may often be accompanied 
by instability and degradation of the entrapped biomolecules 
occurring during encapsulation and/or release processes [12-15]. 
Instead, surface adsorption strategies are claimed to avoid prob- 
lems of antigen instability and/or incomplete release associated to 
encapsulation/release in biodegradable microspheres. For instance, 
very efficient and potent immune responses were induced by anti- 
gens adsorbed onto anionic PLC microspheres, polymeric lamellar 
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substrate particles or anionic wax nanopartides [16-25]. However, 
in most of these systems the presence of adsorbed surfactants or 
polymeric stabilizers may give rise to ^reproducibility of the vac- 
cine formulation, premature release of the charged molecules, and 
consequently of the antigen, both during preparation of the formu- 
lation or after administration, thereby leading to variable efficacy 
as well as undesirable toxic effects of the free charged molecules 
[15,261. Moreover, also the microsphere biocompatibility may be 
affected by the presence of the surfactant, thus leading to further 
criticism for future clinical development 127]. To overcome these 
problems, PLA or PLGA particles with charged groups covalently 
bound to the particle surface were developed by chemical modi- 
fication of preformed particles or by using functional polymers or 
copolymers during particle synthesis [28,29]. In addition, to avoid 
the still unresolved concerns about the presence of surfactants such 
as SDS or stabilizers such as PVA in microparticle formulations to 
be used in humans, new anionic surfactant-free nanopartides con- 
taining only PLA polymers with a carboxylic end group were also 
developed and shown to be efficient vaccine delivery systems [30], 

In this scenario, surfactant-free polymeric core-shell nanopar- 
tides and micropartides were developed by our group with 
homogeneous size and size distribution and able to bind biologi- 
cally active macromolecules on their surface without the need for 
added surfactants and/or detergents during or after the synthetic 
procedure [31 -35]. These novel particles exhibit a core-shell struc- 
ture, with an inner core constituted by poly(methylmethacrylate) 
(PMMA) and a highly hydrophilic outer shell composed of a 
hydrosoluble co-polymer, namely poly(methacrylic acid-st-ethyl 
acrylate) copolymer whose commercial name is Eudragit LI 00-55, 
which is tightly linked to the core and bears carboxylic groups. 
These particles are well-tolerated in mice, even after multiple 
administrations, and able to accommodate in their shell high 
amounts (antigen loading ability of up to 20%, w/w) of native 
proteins, mainly by ionic interactions, while preserving their activ- 
ity. In particular, we have shown in vitro that anionic nano- and 
microspheres bind the H1V-1 Tat protein and protect it from oxi- 
dation thus increasing the shelf-life of the Tat protein vaccine 
[34,35]. This is an important feature for a delivery system as it 
may hold promise for vaccination with Tat, as well as for other sub- 
unit vaccines, particularly when a native protein conformation and 
maintenance of biological activity is required. Tat oxidation leads 
to protein multimerization, aggregation and loss of the biological 
and immunological activities [36-38]. In particular, active Tat is 
required for efficient uptake by and maturation of dendritic cells, 
for the immunomodulatory effects as well as for vaccine potency 
[39,40]. The stabilization effect of surface adsorption of Tat on 
these anionic PMMA nano- and microspheres is likely due to the 
highly hydrophilic shell which may accommodate native protein 
molecules in the Eudragit chains, i.e. HIV-1 Tat monomers, prevent- 
ing protein multimerization and loss of biological activity [33-35]. 

To gain further Insight on the potential use of this technology 
platform, in the present study we have evaluated in mice the safety 
and immunogenicity of new vaccine formulations composed of 
selected samples of these nano- and microspheres and the HIV-1 
Tat protein. Vaccines were administered by different routes, includ- 
ing intramuscular, subcutaneous or intranasal and the results were 
compared to immunization with Tat alone or with Tat delivered 
with the alum adjuvant. 



2. Materials and methods 

2.1. Core-shell anionic nano- and microspheres 

Core-shell particles with a core constituted by 
poIy(methy!methacry!ate) and a highly hydrophilic shell com- 



posed of poly( methacrylic acid-sr-ethyi acrylate) copolymer whose 
commercial name is Eudragit L1 00/55, bearing carboxylic groups 
able to reversibly bind biologically active basic proteins, and char- 
acterized by very homogeneous size and size distribution, were 
generated by dispersion (samples HID and 2H1B) and emulsion 
(sample MA7) polymerization procedures, as described in detail 
previously [33-35], The physico-chemical properties and surface 
binding and release kinetics are described in detail elsewhere 
[33-35] (Sparnacci et a)., manuscript in preparation] and briefly 
summarized in Table 1, The endotoxin content of the particles 
was tested by the Limulus Amoebocyte Lysate analysis and it was 
below the detection limit (<0.05 EU/p.g). 

2.2. Protein and peptides 

The monomeric biologically active Tat protein (86 aa) of HIV-1 
(HTLVIII-BH10) was produced in Escherichia coif, purified as a good 
laboratory practice (CLP) manufactured product and provided by 
Diatheva (Fano, Italy). The biological activity of each batch of Tat 
protein was determined by means of a very sensitive method based 
on Tat uptake by monocyte-derived dendritic cells, as described 
previously [36], Tat is photo-, air- and thermo-sensitive and oxi- 
dizes easily (due to the presence of seven cysteines in its sequence) 
when exposed to air, light and room temperature. Thus, to prevent 
oxidation, which causes aggregation of the bioactive monomers and 
loss of biological activity, the Tat protein was stored iyophilized at 
-80 =C and resuspended (2mg/ml) in degassed commercial phos- 
phate buffered saline (PBS) in the dark and on ice, immediately 
before use [37], Endotoxin concentration of different GLP lots of 
Tat was below the detection limit (O.05 EU/p.g), as tested by the 
Limulus Amoebocyte Lysate analysis. The VCF (VCFITKALCISYGRK) 
Tat peptide containing a K d -restricted CTL epitope and a CD4+ T 
cell epitope (41 ] was synthesized by UFPepEides s.r.l. (Ferrara, Italy), 
resuspended in H 2 0 (10~ 2 M) and stored at -80 °C until use, 

2.3. Preparation of protein/sphere complexes 

Lyophilized nano- or microsphere samples were resuspended 
in PBS at 2mg/ml. Complexes between the HIV-1 Tat protein 
(prepared as described in the previous section) and nano- and 
microspheres were prepared by mixing appropriate volumes of Tat 
protein and nano- or microspheres under continuous stirring for 
1 h at4 0 C.Tat:particles ratios of 1-10p.g(Tat)/30-60|ig (spheres) 
which give adsorption efficiency of 100% were used, as previ- 
ously described [33-35]. Specifically, for intramuscular (i.m.) and 
intranasal (i.n.) Inoculations 1 |xg of Tat/30 p,g of particles/mouse 
in IOOjj.1 were used. The immunogen was prepared by mixing 3 p.1 
(6 [Xg) of Tat and 90 julI (180 p-g) of spheres (for groups composed of 
6 mice), or 4.5 |xl (9 (xg) of Tat and 135 p,l (270 |xg) of spheres (for 
groups composed of 9 mice). For subcutaneous (s.c.) vaccination, 
10 p,g of Tat/60 (xg of particles/mouse in 100 p.1 were used, and the 
immunogen was prepared by mixing 30 u,l (60 (xg) of Tat and 180 |xl 
(360 (xg) of spheres (for groups of 6 mice). After incubation, com- 
plexes were collected in a microfuge at 13,500 rpm, resuspended in 
the appropriate volume of degassed sterile PBS [600 (xl for i.m. or 
s.c, immunization of groups composed of 6 mice (100p,l/mouse); 
60 or 90 (xl for i.n. vaccination of groups composed of 6 or 9 mice, 
respectively (10 (xl/mouse)] and used immediately. 

2.4. Mice studies 

Animal use was according to National Guidelines and Institu- 
tional Policies. Female BALB/c mice of six to eight weeks of age 
(Charles River, Italy) were inoculated with formulations composed 
of Tat protein adsorbed onto the H1D microspheres. Control mice 
were inoculated with Tat protein alone in aluminium phosphate 
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Table 1 

Summary of physico-chemical characteristics of anionic core-shell nano- and microspheres' 1 . 
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(alum) adjuvant, and with alum alone. Each experimental group 
was composedof 6 mice. Immunogens (100 were given atweeks 
0 and 4 intramuscularly (i.m.) in the quadriceps muscles (50 fit/leg) 
or subcutaneously (s.c.) in one site on the dorsal area near the tail. 
For i.m. vaccination, mice received the HID/Tat (30|xg/l u,g) vac- 
cine or the same dose of Tat alone in alum. For s.c. immunization 
mice were injected with H1D/Tat (60p.g/10p,g), or with 10 of 
Tat in alum. The dose of 10|xg was used for s.c. injection based 
on pilot studies (unpublished results) suggesting that this dose of 
Tat was optimal for this route of injection. One week later (week 
5), 3 mice/group were sacrificed to analyze Tat-specific Immune 
responses. At week 8, all remaining mice (3 animals/experimental 
group) were boosted i.m. or s.c, respectively, with Tat/alum and 
sacrificed two (week 10) or four (week 12) weeks later. In other 
experiments, BALB/c mice (n=6) were inoculated intranasally (i.n.) 
with Tat (1 u,g) protein adsorbed onto the microspheres (HID) or 
the nanospheres (MA7.2H1 B) (30 p.g), or withTat alone (1 or 10 ^g). 
Immunogens (10 p,!) were administered in the nostrils (5 p.l/nostril) 
4 times (days 0, 7, 14 and 21). Mice (n»3) were sacrificed 1 week 
(week 4) and 7 weeks (week 10) after the last immunization. Alter- 
natively, a i.n prime/s.c. boost schedule was used. Mice (n =9) were 
inoculated i.n. with the complexes (3Qu.g of spheres/1 u,g of Tat), 
with Tat atone (1 or 10 p,g) or with PBS at weeks 0, 3 and 5. Two 
weeks later (week 7), 3 mice/group were sacrificed to analyze Tat- 
specific immune responses. The remaining mice were boosted s.c 
with Tat (1 p,g) in alum at week 8 (3 weeks after the last immu- 
nization) and sacrificed one (week 9) (n=3) and ten (week 18) 
(n=3) weeks after the protein boost. During the experiments, ani- 
mals were controlled twice a week at the site of inoculation and 
for their general conditions (such as liveliness, food intake, vitality, 
weight, motility, sheen of hair). At sacrifice mice were anesthetized 
intraperitoneally with 100 p.1 of isotonic solution containing 1 mg 
of Zoletil (Virbac, Milan, Italy) and 200 p-g Rompun (Bayer, Milan, 
Italy). Each immunization experiment was repeated twice. Finally, 
in some experiments mice were immunized and sacrificed to collect 
organs for histological and immunohistochemical examinations. 

2.5. Serology 

The presence of antigen specific antibodies (IgG) in sera and 
in mucosal (IgA, IgG) vaginal and lung lavages was searched by 
Enzyme Linked Immunosorbent Assay (ELISA) on mice samples 
tested individually, as previously described [42-44). 

2.6. Cell purification 

Splenocytes were purified from spleens squeezed on filters 
(Cell Strainer, 70 u-m, Nylon, Becton Dickinson). Following lysis of 
red blood cells (RBC) with RBC lysing buffer (Sigma), cells were 
washed with RPM1 1640 (Cambrex) containing 10% FBS (Hyclone), 
spun for lOmin at 1200 rpm, resuspended in RPM1 1640 contain- 
ing 10% FBS, 1% L-glutamine (BioWhittaker. Walkersville, MD), 1SS 
penicillin/streptomycin (BioWhittaker, Walkersville, MD), \% non- 
essential amino acids (Sigma), 1 mM sodium pyruvate (Sigma) 
and 50 mM P-mercaptoethanol (Gibco, Grand Island, NY). In some 



experiments, depletion of B lymphocytes and purification of CD8+T 
cells were carried out using anti-CD19 and anti-CD8 magnetic beads 
(BD Pharmingen, San Jose, CA), according to the manufacturer's 
instructions. Cell cultures were then analyzed by fluorescence- 
activated eel! sorter (FACSCalibur, BD) analysis using rat anti-mouse 
monoclonal antibodies (c*-CD19, a-CD3, ot-CD4, a-CD8) and a goat 
anti-rat FITC-conjugated antibody (all from BD Pharmingen). In 
some experiments NALT (nasal-associated lymphoid tissue) was 
also collected (bilaterally on the posterior side of the palate) and 
processed as the spleens. Cellular responses were analyzed using 
pools of ceils for each experimental group. 

2.7. Proliferation assays 

Proliferation assays were performed by standard 3 H-Thymidine 
incorporation assays in sestuplicates using splenocytes or NALTs 
cultures at 2 x 10 s cells/200 u,l/well (round-bottom plates, NUNC), 
as previously described [41 ]. The reported results are expressed 
as stimulation index (S.I.) determined as the ratio between the 
mean counts/minute of antigen-stimulated cells and the mean 
counts/minute of the same unstimulated sample. 

2.8. Enzyme-linked tmmunospot (Elispot) assays 

For enzyme-linked immunospot (Elispot) analysis on fresh cells, 
total splenocytes (5 x 10 5 cells/well) were added to 96-well Elispot 
plates pre-coated with the cytokine-speciflc capture antibody, and 
incubated at 37 °C for 24 h in the absence (untreated) or presence 
of the peptide (10~ S M). For Elispot analysis after ex vivo restim- 
ulation, splenocytes (3 x 10 6 ml) were cultured with the specific 
peptide (3 p,g/ml) for 5 days, extensively washed with RPMI 1640 
containing 10% FBS, placed on (4-5 x 10 4 cells/well) pre-coated 
Elispot plates and incubated as above. Elispot assays were per- 
formed for Th1 (IFN-7) and Th2 (IL-4) cytokines (duplicate wells), 
using commercially available murine IFN-7 and IL-4 Elispot kits(BD, 
Pharmingen), as described [35,41 ]. Results are expressed as number 
of spot forming cells (SFQ/10 6 cells. Responses at least 2-fold higher 
than the mean number of spots in the control wells (untreated cells) 
and >30 (fresh) or >100 (after ex vivo stimulation) SFC/10 6 cells 
were considered positive. 

2.9. OIL assays 

Cytotoxic (CTL) activity was determined at various effec- 
tor/target ratios by standard 51 Cr release assays, using P815 target 
cells previously pulsed with the VCFTat peptide, as described (41 ]. 
Results are expressed as percentage {%) of specific lysis that was 
calculated as 100 x(cpm sample -cpm medium)/(cpm Triton X- 
100 - cpm medium). Spontaneous release was always below 10%. 

2.10. Histological histochemical and immunohistochemical 
procedures 

At sacrifice mice were subjected to autopsy. Sample of cutis, sub- 
cutis and skeletal muscles at the site of injection and other organs 
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(lungs, heart, lymph nodes, ovaries, intestine, kidneys, brain, spleen 
and liver) was taken and processed for histologic, histochemical 
and immunohistochemica! examination, as described previously 
[34,421. 

2. V. Statistics 

The data related to the antibody responses were analyzed by 
the unpaired two-tailed t-test and the one-way ANOVA test and 
Dunnett's post-test. Analysis of cellular responses was done by the 
two-way Anova test and Bonferroni's post-test using the GraphPad 
software Prism 4 (El Camino Real, San Diego, CA). The criterion for 
statistical significance was p < 0.05. 

3. Results 

3.1 Immunization with HW/Tat formulations by the 
intramuscular route 

To evaluate the immunogenic potential of the HID micro- 
spheres, groups of mice were immunized intramuscularly (i.m.) 
with the HID/Tat (30 (j.g/1 u.g) vaccine or with 1 |Ag ofTat alone in 
alum, at weeks 0 and 4. After 1 week (week 5), IFN-^ responses 
tested on fresh splenocytes were significantly higher in mice 
vaccinated with the HID/Tat formulation as compared to immu- 
nization with Tat/alum (p<0.01) (Fig, 1A). Also IL-4 responses 
were higher in the HID/Tat vaccinated group, although for this 
cytokine the difference was not statistically significant (p>0.05). 
Similarly, splenocytes proliferation to increasing doses of Tat pro- 
tein (0.1 , 1 and 5 u,g/ml) was significantly higher in mice vaccinated 
with HI D/Tat as compared to that of the Tat/alum group (p < 0.01 ) 
{Fig. IB). With respect to the humoral responses, immunization 
with HID/Tat elicited production of antibodies. However, at this 
time point, IgG titers were lower on the average (562 ±856) 
than those detected in the Tat/alum vaccinees (60,932 ±60,475) 
(p<0.05)(Fig.K). 

To evaluate whether i.m. immunization with the HI D/Tat vac- 
cine generate memory T and B cell immunity, all mice were boosted 
ijn. with 1 p,g of Tat/alum 30 days after the last immunization (week 
8), and sacrificed after 4 weeks (week 12). As shown in Fig. IF, 
the protein boost had a potent effect on the humoral responses, 
in particular in the group primed with HID/Tat, whose IgG titers 
(156,486 ±256,003) increased to levels as high as those in the 
Tat/alum mice (443,726 ±403,993) {p> 0.05). Accordingly, in both 
groups of vaccinees the number of IL-4 secreting cells increased 
and reached similar levels (p>0.05) (Fig. 1D). After the boost, the 
number of 1FN--V producing cells (Fig. ID) and the lymphoprolifer- 
ative responses to increasing doses ofTat protein (Fig, 1 E) were still 
higher in the HID/Tat-primed mice. 

To assess which T cell subset was the primary source of lFN--y and 
IL-4 secretion, cytokine production was tested on CD8+ purified and 
on CD4+-enriched (CD8-depIeted) T cell subpopulations. After ex 
vivo restimulation with the VCFTat peptide containing either a K d - 
restricted CTL epitope and a CD4+ T cell epitope [41 ]. the frequency 
of IFN-7 and IL-4-secreting cells was similar in CD4+-enriched cul- 
tures of both groups (Fig. 2A). in contrast, in CD8+ purified T cell 
cultures only IFN-7 producing cells were detected and mainly in 
mice primed with HI D/Tat (p < 0.01 ) (Fig. 2B). 

As a whole the results indicate that the HID/Tat vaccine 
increases the antigen-specific cellular responses and CTLs, and 
primes very efficiently the humoral arm of the immune system as 
IgG titers were readily detected after 2 i.m. immunizations with 
the H1 D/Tat vaccine and. after one protein boost, they reached high 
levels in a fashion similar to animals immunized with Tat/alum. 
These results are in agreement with previous data showing that 



formulations composed of MA7 nanospheres and Tat, given i.m., 
increase the antigen-specific cellular responses, with a prevalence 
of Thl-type responses, and promote an efficient priming of the 
humoral arm [35]. The results also suggest that a pool of memory 
antigen-specific B and T lymphocytes were generated after 2 i.m. 
immunizations with the HI D/Tat vaccine. 

3.2. Immunizaton with HW/Tat formulations by the 
subcutaneous route 

The immunogenic potential of the HI D/Tat vaccine following 
subcutaneous (s.c.) administration was then compared to vacci- 
nation with Tat/alum. Thereby, mice were immunized s.c. with 
HID/Tat (60|xg/10(J,g), or with Tat/alum (10u.g), at weeks 0 and 
4. After 1 week (week 5), 1FN--V and IL-4 responses were signif- 
icantly higher in mice vaccinated with the HID/Tat formulation 
as compared to immunization with Tat/alum (p<0.01 ) (Fig. 3A). In 
addition, specific anti-Tat CTLs capable of killing P815 cells pulsed 
with the K d -restricted VCFTat peptide were detected in both groups 
of vaccinees but, again, immunization with HID/Tat induced a 
higher activity (Fig. 3B).The analysis of humoral responses showed 
that also s.c. immunization with HID/Tat elicited antibody pro- 
duction. As for the previous i.m. protocol, after 2 s.c. injections 
of H1 D/Tat, IgG titers in the HID/Tat group (4747 ±3049) were 
lower on the average than those detected in the Tat/alum vaccinees 
(80,993 ± 37,896) (p < 0.05) (Fig. 3C). 

To evaluate whether s.c. immunization also induces Tat-specific 
memory B and T cell responses, ail mice were boosted at week 
8 with Tat/alum by the s.c. route and sacrificed 2 weeks later 
(week 10). IFN--y and IL-4 responses were sustained and still signif- 
icantly higher in the group primed with HI D/Tat (p < 0.01 ) (Fig. 3D), 
and these responses again correlated with stronger CTLs activities 
(Fig. 3E), As for the previous i.m. protocol, the protein boost had a 
potent effect on IgG responses, in particular in HI D/Tat primed mice 
whose antibody titers {83,733 ± 38,358) Increased to high levels as 
in the Tat/alum vaccinees (628,521 ± 614,169) (p > 0.05) (Fig. 3F). 

The results suggest that, also after s.c. inoculation, the presence 
of the microspheres in the vaccine formulation increases bothThl- 
and Th2-type antigen-specific cellular responses and CTLs, and pro- 
motes an efficient priming of the humoral arm of the immune 
system. In addition, a pool of memory antigen-specific B and T 
lymphocytes are generated also by this route of immunization. 

3.3. Immunizaton with HW/Tat, 2H1B/Tat and MA7/Tat by the 
intranasal route 

As the mucosal route of immunization is considered a simple, 
safe, efficacious and less expensive method to deliver antigens, to 
assess the mucosal immunogenic potential of the technology plat- 
form, mice were immunized intranasally (i.n.)4 times (days 0, 7, 14 
and 21 ) with the H1 D/Tat vaccine (30 u.g/1 p,g). Additionally, mice 
were immunized also with formulations composed of MA7 or 2H1 B 
nanospheres (30 u,g) and Tat (1 |xg), as these particles have smaller 
size (Table 1 ) which may be more suitable for i.n. inoculation. Con- 
trol mice were inoculated with 1 or 10 u,g ofTat alone. As shown in 
Fig. 4A, 1 week after the last immunization IFN-7 responses were 
detected at high levels only in mice immunized with the nano- or 
the microspheres/Tat formulations, and in mice immunized with 
10 fig ofTat, but not in mice Immunized with 1 u.g ofTat alone 
(p<0.05). In particular, the nanosphere-based vaccines (MA7/Tat 
and 2H1 B/Tat) induced the most potent IFN-7 responses (p < 0.001) 
which were even slightly higher than those induced by immuniza- 
tion with a 10-fold higher dose ofTat. Overall, IL-4 responses were 
lower than IFN--y responses in all groups. However, immunization 
with MA7/Tat, 2H1 B/Tat or HID/Tat elicited higher IL-4 responses 
as compared to immunization with 1 p,g of Tat.The differences were 
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Fig. 1. Analysis of Tat-specific immune responses after H 1 D/Tat i.m. immunization. Mice (n - 6) were immunized with HI D (30 u-gJ/Tat (1 v-%) or with Tat ( 1 (ig)/alum at weeks 
0 and 4 and sacrificed (n - 3) at week 5 (panels A-C) or boosted (« - 3) wlthTat ( 1 iig) and alum at week 8 and sacrificed at week 12 (panels D-F). (A, D) Analysis of Tat-lnduced 
IFN-7 and 1L-4 secretion by Elispot. Responses were measured on fresh splenocytes. (B, E) Ijrmphoproliferatlve responses to Tat. Proliferative responses to increasing doses 
of Tat protein were measured by 3 H-Thymldlne Incorporation. Results correspond to stimulation indexes. (C, F) Antl-Tat IgG titers. Antibody titers were measured by ELISA. 
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not statistically significant (p > 0.05), although IL-4 responses were 
stronger again after immunization with the nanospheres-based 
vaccines (MA7 /Tat and 2H1 B/Tat) (Fig. 4A). In agreement with these 
results, lymphoproliferation to increasing doses of Tat was higher 
in mice immunized with MA7/Tat and 2H1 B/Tat and comparable to 
those elicited by vaccination with 10 u.g of Tat alone (Fig. 4B). Such 
an increase was not observed in this assay in the HI D/Tat group. 

Cellular Immune responses were long-lived, as they were still 
detected 7 weeks (week 1 0) after the last immunization in all groups 
(Fig. 4C and D). In HI D/Tat, MA7/Tat and 2H1 B/Tat vaccinees T 
cell responses were stronger than those of mice immunized with 



1 \x% of Tat alone, and comparable to those induced by vaccina- 
tion with 10 fig of Tat. Interestingly, at week 10 also CTL responses 
were clearly detected, but only in the MA7/Tat and 2H1 B/Tat mice 
and in animals immunized with 10 p.g of Tat (Fig. 5), as opposite 
to the results at week 4 when CTL responses were not detected in 
any of the vaccinated groups (data not shown). Surprisingly, at any 
time point after the last immunization, serum IgG and vaginal IgA 
responses were detected only In few mice after vaccination with 
10 |xg of Tat alone (IgG mean titers 1983 ± 1535; IgA 1.-6%). 

As a whole, these results indicate that 4 i.n. vaccinations with 
microsphere- and, mostly, with nanosphere-based formulations 
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Fig. 3. Analysis of Tat-specific immune responses after s.c immunization with H 1 D/Tat. Mice(n«6) were immunized with HlP{60p.g)/Tat(10|i.g) or with Tat (10(j.g)/alum 
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Fig. 5. Analysis of Tat-specific CTL responses after i.n. immunization with HI D/Tat. 
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effector/target (E/T) ratios, by standard 51 Cr release assays using syngenic PS15 tar- 
get cells pulsed with the VCF Tat peptide containing a K d restricted Tat CTL epitope. 
The percentage (Si) of specific lysis Is reported. 



increased antigen-specific Thl-and Th2-type cellular responses 
and CTLs but did not stimulate efficient antibody responses In 
serum and at mucosal sites. 

Thereby, to determine whether i.n. immunization with these 
Tat/particles formulations primes the humoral arm of the immune 
system, in a different set of experiments mice were vaccinated i.n. 
with the various vaccines, at weeks 0, 3 and 5, and boosted s.c. with 
Tat/alum 3 weeks later (week 8). Control mice were immunized 
i.n. with Tat alone (1 or 10p.g). Immune responses were evalu- 
ated before (week 7) and after (weeks 9 and 18) the protein boost. 
The protein boost promptly induced antigen-specific IgG responses, 
which were present in few mice 1 week after the protein boost 
(week 9) and in all vaccinees 10 weeks after the boost (week 18) at 
high and comparable titers as in mice receiving Tat alone (p>0.05) 
(Fig. 6A-C). Accordingly, a pronounced increase of 1L-4 responses 
was observed (Fig. 7A-C). IgA responses in vaginal and lung lavages 
were instead barely detectable in all groups, including mice immu- 
nized with 10 u.g of Tat, at any time point (before and after the 
boost) (data not shown). These results indicate that i.n. immuniza- 
tion with microsphere- and nanosphere-based formulations prime 
also the humoral arm of the immune system, as all immunized 
animals developed high serum IgG titers after one protein boost. 

After the protein boost, Tat-specific cellular responses gener- 
ally increased at the systemic level (Fig. 7A-C and D-F). Notably, 
strong cellular responses were observed mainly at mucosal sites in 
all immunized animals (Fig. 7G-I). Again priming with the HI D/Tat, 
MA7/Tat and 2H1B/Tat vaccines induced higher T cell responses, 
especially in NALT (p< 0.001), than vaccination with Tat alone 
(Fig. 7G-I). 
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Fig. 6. Analysis of fat-specific IgG responses after i.n. prime/s.c. boost with HID/Tat, MA7/Tat or 2H 1 B/Tat and Tat/alum. Mice (n = 9} were Immunized (weeks 0, 3 and 5) Ln. 
with 1 p.g of Tat protein formulated with 30p,g of HID, MA7, or 2H1B particles, or with Tat alone (1 or 10|Ag) and sacrificed (n-3) 2 weeks later (A). The remaining mice 
were boosted s.c. with 1 ug of Tat in alum at week 8 and sacrificed at week 9 (n -3) (B) and at week 18 (n - 3) (C). Antibody titers were measured by EUSA. The results are 
expressed as the logio of the endpolnt titers of mice sera tested individually. The results were confirmed in two independent immunization experiments. The results of one 
representative experiment are shown. 



Altogether the results indicate that the presence of the nano- 
and microspheres in the vaccine formulations, given with an 
i.n. prime/s.c. boost regimen, primed efficiently the cellular and 
humoral arms of the immune system and increased the antigen- 
specific cellular responses also locally at the mucosal associated 
lymphoid tissue. 

3.4. Histological analysis 

No specific signs of visible local or systemic adverse reactions 
were ever reported during the experiments in mice inoculated i.m., 
s.c. or Ln. with the various vaccine formulations as compared to 



mice immunized with Tat alone, with Tat/alum or untreated con- 
trol mice. At sacrifice samples of cutis at the site of injection and 
organs were collected for histological and immunohistochemical 
examination. A total of 52 mice immunized i.m., 42 mice immu- 
nized s.c. and 75 mice immunized i.n were analyzed (Table 2). No 
local reactions were reported after i.n. inoculation. No alterations 
were detected in all organs examined in all Immunization protocols. 
A visible granuloma at the site of injection was observed few days 
after injection only in mice injected with Tat/alum or alum alone by 
the i.m. or s.c, whereas this type of visible inflammatory reaction 
was never reported after injection of the Tat/particles formulations 
alone. Histologically, a similar local reaction that could be related 
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Fig. 7. Analysis of Tat-specific cellular responses after i.n. prime/s.c. boost with HID/Tat, MA7/Tat or 2H1B/Tat and Tar/alum. Mice (n-9) were immunized (weeks 0, 3 and 
5) i.n. with 1 u.g of Tat protein formulated with 30 ug of HID, MA7, or 2H1B particles, or with Tat alone (1 or 10 |xg) and sacrificed (n - 3) 2 weeks later (panels A, D. G). The 
remaining mice were boosted s.c. with 1 p,g of Tat in alum at week 8 and sacrificed at week 9 (n - 3) (panels B, 6. H) and at week 18 (n« 3) (panels C, F. I). (A-C) Analysis of 
Tat-lnduced IFN-*r and IL-4 secretion by Elispot, (D-F) Lymphoproliferative responses to Tat in mice splenocytes. Proliferative responses to increasing doses of Tat protein 
were measured by 'H-Thymidine incorporation. Results correspond to stimulation indexes. (G-l) Lymphoproliferative responses to Tat in NALT, Proliferative responses to 
Increasing doses of Tat protein were measured by 3 H-Thymidine incorporation. Results correspond to stimulation Indexes. The results were confirmed In two Independent 
Immunization experiments. The results of one representative experiment are shown. Statistical analysis was carried out In comparison with the results of mice immunized 
with Tat (i u-g). 'P < 0.05: "p < o.oi : *"p < 0.001. 
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* BALB/c mice were inoculated l.m. or s.c. with the H1 D/Tat protein formulations, 
a: weeks 0 and 4, and boosted with Tat/alum at weeks. Control mice were inoculated 
I.m. or s.c. with the Tat protein alone In alum adjuvant, or with alum alone at weeks 0, 
4and 8. Alternatively, mice were immunized i.n, with HI D/Tat, 2HlB/Tator MA7/Tat 
at weeks 0, 3 and 5, Control mice were inoculated I.n. with the Tat protein alone. 
All mice were sacrificed 2 weeks after the last Immunization for histological and 
immunohistochemical examinations of samples of cutis at the site of injection and 
organs (as described in Section 2), 

» Histologically, a local reaction that could be related to irnmunogen injection 
was reported only at the site of injection, after I.m. or s.c. In mice receiving the 
Tat/particles formulations and one protein boost, Tat/alum or alum alone. No local 
reactions were reported after l.n. inoculation. No alterations were detected in all 
organs examined after i.m.. s.c. or l.n. Injection. 

to irnmunogen injection was reported only after i.m. or s.c, at the 
site of injection, either in mice receiving the Tat/particles formula- 
tions and one protein boost. Tat/alum or alum alone, In particular, a 
histological local reaction was described in 10/30 (33%) mice inoc- 
ulated i.m. with HI D/Tat (two inoculations and one protein boost), 
in 8/11 (73%) inoculated with Tat/alum (three inoculations) and in 
6/11 (55%) inoculated with alum alone (three inoculations). Simi- 
larly, after s.c. injection, a histological local reaction was described 
in 9/14 (64%) mice receiving H 1 D/Tat(two inoculations and one pro- 
tein boost), in 14/14 (100%) receiving Tat/alum (three inoculations) 
and in 11/14 (78%) mice injected with alum alone (three inocula- 
tions) (Table 2). Tissue lesions were variable in size and extension; 
however, they showed the same histologic and immunohistochem- 
ical characteristics in i.m or s.c. experimental groups. After i.m. 
inoculation, lesions showed irregular widening of endomysial con- 
nective septa due toadense and diffuse infiltration of inflammatory 
cells surrounding the muscular cells. Infiltrative inflammatory cells 
were predominantly macrophages with large and vacuolated cyto- 
plasm and central nuclei, After s.c. immunization, lesions were 
localized in the derma and subcutis, and were characterized by 
a central necrotic core, consisting of amorphous material, nuclear 
and squamous ceil debris, surrounded by a layer of inflammatory 
cells. The majority of these cells were macrophages with a minority 
of neutrophil granulocytes. No fibroblast proliferative reaction was 
observed at the periphery of the lesions (data not shown). These 
results indicate that these nano- and microspheres-based vaccines 
are well-tolerated in vivo after systemic and mucosal inoculation, 
in agreement with previous observations [34.35]. 

4. Discussion 

The HIV-1 Tat protein was used as model antigen to assess the 
immunogenic potential of this technology platform, as it is a vac- 
cine relevant antigen already proven to be safe, immunogenic and 
efficacious in preclinical models [39,40,45-47). In addition, the Tat 
protein vaccine was recently shown to be safe and immunogenic in 
phase I clinical trials following intradermal or subcutaneous inocu- 
lation, both in healthy seronegative and in seropositive individuals 
[38,48] and, based on these results, phase H clinical trials have 



started in July 2008 in Italy [http://www.hivltat-vaccines.info/]. 
Moreover, the HIV-1 Tat protein is considered an optimal co- 
antigen for anti-HlV/AIDS combined vaccine strategies employing 
HIV structural genes [36,44,49-51]. Indeed, the Tat protein pos- 
sesses very peculiar properties rendering it an interesting model 
antigen to evaluate this technology platform, such as the fact that 
Tat oxidizes very easily during handling, because of the pres- 
ence of 7 cysteines in its sequence. Oxidation leads to rapid 
loss of monomeric conformation and biological activity which are 
essential for Tat immunogenic [39,40] and immunomodulatory 
properties [36], and its capability of broadening in vivo the gener- 
ation of CTL responses to a co-administered heterologous antigens 
[44,49-51 J. Thereby, special procedures are usually followed for 
purification, handling and storage of Tat to preserve its monomeric 
form and fully biological activity [36-38]. 

Based on this knowledge and considering the possibility of sim- 
plifying the storage and transport of a Tat protein-based vaccine, 
we have previously demonstrated in vitro that new surfactant- 
free anionic PMMA core-shell nano- and microspheres increase 
the stability of the Tat protein, i.e. they interfer with Tat multimer 
formation Impeding oxidation caused by air, light and high tem- 
perature and preserving its biological activity [33-35], However, 
the safety and immunogenic potential of new vaccine formulations 
based on these novel nano- and microspheres and Tat had still to 
be systematically investigated in preclinical models. 

The results presented here show that the described PMMA- 
based core-shell nano- and microspheres hold great promise 
as protein vaccine delivery systems and effective adjuvants for 
inducing antigen-specific humoral and cellular responses. In par- 
ticular, we have selected for these studies the HID microspheres 
( 1.99 jj.m± 0.17) and two samples of nanospheres, namely MA7 
(0.22 u.m± 0,008) and 2H1B (0.63 |xm± 0.06). The selection was 
based on their previously characterized physico-chemical proper- 
ties, including small and homogeneous size, high surface loading 
capability of native proteinsand preservation of Tat biological activ- 
ity, reproducibility, and in vitro and in vivo lack of toxicity {[33-35], 
and unpublished results). 

The results here reported indicate that the HI D/Tat vac- 
cine formulation given i.m, and s.c. is well-tolerated in mice 
(Table 2), increases the cellular responses, including CTLs, against 
Tat (Figs. 1-3) and primes very efficiently the humoral arm of 
the immune system, as IgG titers were readily detected after 2 
Immunizations with the H 1 D/Tat formulation and, after one protein 
boost, they reached high levels comparable to those detected in ani- 
mals immunized 3 times with Tat and alum, an adjuvant known to 
induce high antibody titers (Figs. 1 and 3). The results are in agree- 
ment with previous data showing that formulations composed of 
MA7 nanospheres and Tat, given i.m., increase the antigen-specific 
cellular immunity, with a prevalence of Thl-type responses, and 
promote an efficient priming of the humoral arm [35]. Addition- 
ally, the results are in agreement with the work described by others 
showing that vaccines based on Tat adsorbed on the surface of 
anionic wax nanopartides developed increased Thl-type cellu- 
lar immune responses as compared to Tat/alum vaccination [17] 
and levels of anti-Tat IgG titers similar to those elicited by vac- 
cination with Tat/alum [17,52]. Similarly, Guillon and co-workers 
[53] demonstrated that immunization of rabbits with wild-type 
Tat adsorbed onto anionic PLA nanopartides induced high titers 
of anti-Tat IgG antibodies in a fashion similar to Tat in combination 
with the MF59 adjuvant, both in serum and faeces. However, the 
effect of the Tat/PLA vaccine on cellular immunity was not reported 
in this study. With respect to the HI D/Tat formulation, we wish 
to highlight that, based on the results here reported, this vaccine 
has already proceeded to further preclinical testing in monkeys for 
safety, immunogenicity and efficacy and that the results confirm 
the promising features of these particles as vaccine delivery system 
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[Ensoli et al., manuscript in preparation]. In addition, an appropri- 
ate selection of experimental parameters allowed the semi-pilot 
scale preparation of HID microspheres which was shown to be 
easy, inexpensive and highly reproducible in terms of microsphere 
size, surface functionality and biological behaviour [Sparnacci et 
al.. manuscript in preparation]. Moreover, the purification proce- 
dure allowed the preparation of microspheres to be used in vivo 
in agreement with the EMEA guidelines (1CH topic Q3C), which are 
endotoxin-free, thus achieving important tasks in view of a future 
clinical development of this technology. 

Another interesting results of this study is the observation that 
the presence of the nano- and microspheres in the vaccine formula- 
tions is well-tolerated also by the i.n route of inoculation (Table 2), 
which indeed primed efficiently the cellular (Figs. 4, 5 and 7) 
and humoral (Fig. 6) arms of the immune system. A potent effect 
was observed on antigen-specific cellular responses, in particular 
with the nanospheres-based formulations, Implying that the parti- 
cle's size has important consequence on induced specific-immunity 
(Figs. 4, 5 and 7). The factors that regulate the adjuvant effects 
are under investigation, and at least in part they may be due to 
a greater capability of the smallest particles to be taken up by the 
antigen presenting cells [Castaldello et al„ manuscript in prepa- 
ration] and to their higher surface area/gram and loading ability 
(Table 1 ) that may allow a more prolonged depot effect. After i.n. 
immunization, IgG titers were detected only after one protein boost 
(Fig. 6), Notably, few weeks after the boost, they reached levels 
similar (2H1 B/Tat) or even higher (HID/Tat. MA7/Tat) than those 
detected in animals immunized with the same dose of Tat alone 
(Fig. 6). To our surprise, HID/Tat, MA7/Tat and 2H1 B/Tat vaccina- 
tion and the schedules of immunizations here described induced 
barely detectable Tat specific antibodies in lung and vaginal fluids, 
before and after the protein boost. A possible explanation may be 
that the dose of 1 |Ag of Tat used in these experiments is too low 
to induce mucosal antibody responses at detectable levels, even 
if Tat is delivered by the particles, This is suggested by the obser- 
vation that mucosal antibodies were detected at variable degree 
only in few mice vaccinated with 10u,g of Tat alone (as reported 
in Section 3), which is In agreement with previously described 
results [52,54-56]. As an efficacious vaccine against HIV-1 should 
evoke both humoral and cellular immunity, especially production 
of IgA and IgG antibodies on the mucous membranes, modifica- 
tion of the nanoparticles and protocol of immunization are under 
investigation. Nevertheless, locally at mucosal associated lymphoid 
tissue, strong and long-lasting cellular responses, which represent 
also an important component of the local immunity, were induced 
by the nano- and microspheres formulations at levels significantly 
greater than those elicited by a ten-fold higher dose of Tat alone 
(Fig. 7), and these responses became even stronger after the protein 
boost. 

In conclusion, the present work demonstrates the ability of 
Tat-carrying PMMA-based functional nano- and microspheres to 
be safe and induce robust and long-lasting cellular and humoral 
responses in mice after systemic and/or mucosal immunization. 
Several advantages characterize these delivery systems, as earlier 
underscored [31-35], They are inexpensive and easy to produce on 
large-scale under GLP/GMP conditions, can be stored lyophilized or 
inaqueous solution at room temperature, are easy to transport, safe 
and not immunogenic. The functional groups are tightly bound to 
the particle surface, thus limiting the effects of physical desorption 
of stabilizing and adsorbing agents, as generally reported in the lit- 
erature and recently reviewed [57]. The synthetic procedure allows 
the large-scale preparation of reproducible, stable and homoge- 
neous particle batches, and a wide modulation of the outer shell, 
so that specific and reversible adsorption of antigens with vary- 
ing hydrophobicity, molecular weight, and isoelectric point can be 
envisaged. Formation of the complexes is easy and fast, since they 



spontaneously assemble in aqueous solution after incubation of the 
two components for l-2h, and no purification steps are required. 
They protect the antigen from enzymatic degradation, and preserve 
its native conformation and biological activity. Hence, these deliv- 
ery vectors may have great potential as antigen carrier not only for 
novel Tat protein-based vaccines against HIV-1 but also for other 
infectious diseases agents. 
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